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Abstract
The focus of this research is to better understand how this parasite works. The protozoan
Giardia spp is found all over the world and in many species such as dogs, cats, and humans.
From its two different forms to the microscopic size of both forms to its ability to destroy
intestinal villi and cause symptoms like other parasitic infections, Giardia spp is continuously
misdiagnosed. Upon further observation at veterinary clinics and researching science articles,
Giardia spp is most commonly found in pets but has the potential to spread to humans via
contaminated water. The most commonly infected humans are hikers, children, and travelers.
The best time to contract Giardia is during the summer and early fall, which is when most people
are active.
Once again, this paper will delve deeper into the history of Giardia spp, transmission
routes, and which species are affected. Additionally, the characteristics of this protozoan, the
symptoms, and the different treatments that can be used to eliminate Giardia spp.
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Giardia is a protozoan and the most common flagellate found in the human digestive
tract. In fact, Giardia is the most commonly reported intestinal parasite of humans in the U.S.,
North America, and even the world. The U.S. alone reports roughly 20,000 cases every year
because of its high contagion rate and can infect almost every living being. Giardia is an
“infection seen worldwide in most domestic and wild mammals, many birds, and people.
Infection is common in dogs, cats, ruminants, and pigs. Giardia spp have been reported in
0.44%–39% of fecal samples from pet and shelter dogs and cats, 1%–53% in small ruminants,
9%–73% in cattle, 1%–38% in pigs, and 0.5%–20% in horses, with higher rates of infection in
younger animals. Farm prevalences in production animals vary between 0% and 100%, with the
highest prevalence in younger animals.”1 Incidences of Giardia are seen more in Northern states
like Idaho and Maine when looking at per 100,000 persons.
Giardia was originally discovered by Antony Van Leeuwenhoek in 1681. He described
Giardia from a sample of his own stool in 1681, “animalcules a-moving very prettily… Their
bodies were somewhat longer than broad, and their belly, which was flatlike, furnisht with
sundry little paws. . . and albeit they made a quick motion with their paws, yet for all that they
made but slow progress”.2 Figure 1 shows a single stained Giardia parasite that matches the
description stated by Antony Van Leeuwenhoek. Following Van Leeuwenhoek in 1882 and
1883, Kunstler described an organism in tadpoles that he named Giardia, thus making this the
first time Giardia was used as a genus name.3
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Figure 1: Singular Giardia parasite.
Giardia is classified as Domain Eukaryota, Kingdom Excavata, Superphylum
Metamonada, Phylum Fornicata, Order Diplomonadida, Family Hexamitidae, and Genus
Giardia. From this classification, over 40 species/types can be described. Some of the distinct
species of Giardia are “G muris from mice, G agilis from amphibians, and a third group from
various warm-blooded animals. There are at least four species in this third group, including G
ardeae and G psittaci from birds, G microtifrom muskrats and voles, and G duodenalis (also
known as G intestinalis and G lamblia), a species complex with a wide mammalian host range
infecting people and domestic animals.”4 Since Giardia is so common as well as having
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confusing speciation, it has been broken down into different categories to keep the types in order.
Humans are assemblages A-I to A-IV and B, dogs primarily with C and D, and cats with F.5
Assemblage A-I was found not only in humans but also animals, A-II in humans, and A-III and
IV exclusively in animals while assemblage B infects humans and animals.5 There are also rats
with G, and seals with H which makes Giardia unlikely to be zoonotic. These assemblages
represent over 40 species of birds, amphibians, and mammals as hosts for Giardia. The most
common mammals include dogs, cats, rabbits, cattle, sheep, horses, swine, and humans. For
interspecies crossing, animals are believed to be the source for human outbreaks. Animals can
shed assemblages A and B which can infect humans and thus are thought to be a possible
zoonotic host. The same can be said about animals being infected by humans via sewage and
wastes entering water sources.
With so many different hosts, there are just as many or even more places to receive
Giardia from. Giardia is primarily transmitted through ingestion of infected human waste.6
For humans, hikers are susceptible because of their exposure to the elements, possibly drinking
untreated water from lakes and rivers, swimming, and having contact with some animal species.7
Transmission to close contacts of infected persons can also occur such as persons with
occupational exposure to human waste.6 Children are more susceptible when they are in school
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and or daycare. This also makes the caregivers more inclined to get infected.8 Adults performing
sexual practices that involve fecal contact might increase the risk of catching the Giardia
parasite. Giardia is often found in international travelers and among internationally adopted
children.9 Human to human transmission is more likely than transmission between human and
animals. This is because there is no increase in infection rates between human and animal
contact. Daycares tend to report more incidences because of the high amounts of interaction
between children and their caregivers. Another possible outbreak in humans could come from a
failure at a water treatment plant or from poor sanitary conditions. In figure 2, there is a
difference in the number of cases between males and females but not much, thus it can be
assumed gender doesn’t have much of an effect on Giardia rates. The most discernible difference
is seen between ages 15 and 54 years.
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Figure 2: Average annual incidence rate of giardiasis, by sex and age group — National
Notifiable Diseases Surveillance System, United States, 2011–201210
The peak time of onset of illness occurred during early summer through early fall. This is
due to Giardia being unable to survive in cold temperatures and a higher rate of contaminated
water being produced. Figure 3 shows the number of reported incidents of Giardia versus the
month the incidents were reported. There are distinctly higher peaks in the summer and early fall
months.

Figure 3: Number of Giardia incidents reported versus month reported.10
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Giardia is one of the most misdiagnosed parasites with roughly 15% of incidences in the
US being dogs and 10% being felines. Giardia attaches to the mucosal surfaces of the small
intestine specifically on the brush border. This allows for the Giardia to take in the nutrients the
body would normally absorb, and allow them to thrive. There are two forms Giardia takes on,
trophozoites and cyst.11 The Giardia trophozoite exhibits a characteristic oval, almost teardrop,
shape with bilateral symmetry when viewed from the top as seen in Figure 4. The trophozoite is
usually 12-15 µm long, 5-10 µm wide, and 2-4 µm thick. “Characteristic features of the stained
trophozoite include: two nuclei (Nu) with central karyosomes (k), fibrils running the length of
the parasite, and median bodies (MB). The large karyosome and lack of peripheral chromatin
gives the nuclei a halo appearance. The fibrils are called axonemes (Ax) and are formed from the
proximal regions of the flagella (Fg) within the body of the trophozoite. The median bodies are a
pair of curved rod-shaped structures which lie posterior to the nuclei.”12 Upon viewing the
ultrastructural level, the median bodies have a range of microtubules. The function of the median
bodies is not known, but it is believed they are in some way involved with the adhesive disk and
it’s formation. The adhesive disk (AD) is not always detectable by light microscopy, but it is
found in the ventral side of the anterior end.12

11

Patton, S. PhD, Overview of Giardiasis - Digestive System
Wiser, M. F. (2019, March 19). INTESTINAL PROTOZOA. Retrieved from
https://www.tulane.edu/~wiser/protozoology/notes/intes.html#gl_troph
12

Giardia spp., 8

Figure 4: Diagram of a Giardia trophozoite with labels.
Giardia trophozoites contain four pairs of flagella and are motile. Three of the four pairs
of flagella emerge from the dorsal surface, specifically the anterior, posterior-lateral, and caudal
surfaces. The other pair emerges from the ventral surface. Trophozoites exhibit a unique twisting
motion, however, the trophozoites are primarily found attached to epithelial cells of the small
intestine. The attachment to the intestinal epithelium is mediated by an organelle on the ventral
side of the parasite referred to as the adhesive disk which can be seen in Figure 4. The
trophozoite absorbs nutrients from the intestinal lumen by pinocytosis or contact digestion. The
trophozoites are rarely found in stools, except in the cases of severe diarrhea.13
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The cyst form of Giardia is the alternative to replication of the trophozoite by encysting.
During encystment the Giardia parasite rounds up, detaches from the intestinal epithelium, and
secretes a cyst wall. Optimal induction of encystment happens by “depriving the trophozoites of
bile at pH 7 followed by an exposure to high concentrations of bile at pH 7.8. The lack of bile at
neutral pH mimics the conditions under the mucus blanket adjacent to the intestinal epithelial
cells, whereas exposure to high concentrations of bile at more alkaline pH is analogous to the
intestinal lumen.”13 Molecular and ultrastructural studies show the production of cyst wall
proteins and the appearance of large secretory vesicles in the parasite cytoplasm come next after
the induction of encystment. After the cyst wall forms, the Giardia parasite undergoes one round
of nuclear division without cytokinesis resulting in two or four nuclei. These nuclei (Nu) are
usually located at the anterior end of the cyst as seen in Figure 5. The flagella and adhesive disk
are lost while the cyst matures, but the axonemes (Ax) and median bodies (MB) persist.13

Figure 5: Cyst form of Giardia with corresponding part labeled.
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The resulting axonemes range from one to two and the median bodies range from two to
four. The older the cyst the more structures it will have, to the point it can have up to twice the
amount of structures. The axonemes and other fibrils, which extend across the length of the cyst,
result in Giardia being relatively easy to identify.14 The cysts are oval shaped and typically
measure 8-12 µm in length and 5-6 µm wide. “Other characteristics of Giardia cysts include a
well-defined wall (CW) which is often set apart from the cytoplasm of the parasite. The cysts are
passed in the feces and can survive for up to three months under appropriate temperature and
moisture conditions.”14 The mature cysts are infective to the next possible host if the host
happens to ingest them. This would end up completing the life cycle.
Giardia trophozoites undergo binary fission in order to multiply and take over more of the
small intestine, especially the proximal portion. The trophozoites don’t have intracellular stages
so it goes into the prepatent period.15 Prepatent period is usually around 3-10 days long. The
prepatent period is the period in a parasitic infection analogous to the incubation period of a
bacterial infection, when the parasite has invaded the human host but has not yet caused
pathological changes that reveal its presence by causing symptoms.16 After the prepatent period,
Giardia will undergo cyst shedding which can be continuous over several days to weeks. The
cyst shedding is intermittent, particularly when in the chronic phase of the infection. When the
cyst is in the infective stage, it can survive for several weeks in the small and large intestine
environment in contrast to the trophozoite Giardia.15
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Figure 6: Trophozoites attached to the small intestine.
Once infected, the host will experience a variety of symptoms. The symptoms of Giardia
infections depend on the severity of the infection, the type of host, and how long the parasite has
been there. Giardia symptoms arise from an “increase in epithelial permeability, increased
numbers of intraepithelial lymphocytes, and activation of T lymphocytes. Trophozoite toxins and
T-cell activation initiate a diffuse shortening of brush border microvilli and decreased activity of
the small-intestinal brush border enzymes, especially lipase, some proteases, and
disaccharidases. The diffuse microvillus shortening leads to a decrease in overall absorptive area
in the small intestine and an impaired intake of water, electrolytes, and nutrients. The combined
effect of this decreased resorption and the brush border enzyme deficiencies results in
malabsorptive diarrhea and lower weight gain.”17
Humans become flatulent and experience abdominal pain which are both acute signs.
Acute signs of a Giardia infection include nausea, an upper gastrointestinal uneasiness, and a loss
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of appetite. Following and or accompanying these signs are sudden explosive, watery, foulsmelling diarrhea. “Stools associated with Giardia infection are generally described as loose,
bulky, frothy and/or greasy with the absence of blood or mucus, which may help distinguish
giardiasis from other acute diarrheas.”18 Other gastrointestinal instabilities associated with
giardiasis include: flatulence, bloating, anorexia, cramps, foul sulfuric belching, and in rare cases
Hematochezia. However, acute infections will sometimes persist and lead to steatorrhea which is
the excessive loss of fat in feces, debility or loss of strength, and weight loss. There are some
individuals that are able to overcome the acute symptoms but do not clear the infection. Instead
they become asymptomatic cyst passers without clinical symptoms, whereas other people might
have a few random appearances of the acute symptoms.18 The chronic symptoms are intermittent
diarrhea, weight loss, poor growth, and poor appetite.
The life cycle of a Giardia parasite is simple. The cycle begins with the ingestion of
dormant cysts from various locations such as contaminated water. Other sources of cysts were
listed earlier. The dormant cysts undergo excystation which in turn allows for the trophozoites to
emerge in the small intestine, specifically the duodenum and jejunum (in cats it’s the jejunum
and ileum). The trophozoites undergo binary fission to multiply and begin to take in the nutrients
of the body. The dehydration in the colon causes the trophozoites to encyst. The encyst process
creates cysts that will travel out of the body via feces and wait to be consumed by another host.
Cysts that leave the body are capable of living for weeks to months especially in water. During
this time the cysts will enter a dormant form and thus the cycle is able to start over once again.
Figure 7 shows a rough outline of the life cycle.19
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Figure 7: Life cycle of Giardia.
Diagnosis of Giardia is difficult due to the small size of the cysts and trophozoites and
this causes them to be missed when looking at a fecal sample. As stated earlier, Giardia is the
most misdiagnosed parasite in dogs and cats. Some of the other physical traits of cysts can aid in
the misdiagnosis such as when the cysts shed. Giardia cysts are excreted intermittently, so in
order to properly diagnose it, several fecal exams should be performed.20 “Three stools taken at
intervals of at least two days should be examined. Watery or loose stools may contain motile
trophozoites which are detectable by the immediate examination of wet smears. Otherwise the
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specimen should be preserved and stained due to trophozoite lability. The hardier cysts are
relatively easy to recognize in either direct or stained smears.”21
There are many ways to diagnose Giardia. One way is direct fluorescent antibody (DFA)
which tests an extremely diagnostically sensitive and specific detection method and is considered
the standard in Giardia testing.22 Another is centrifugal flotation which can detect cysts with
ZnSO4 and stains the cyst with Lugol’s iodine. “For the detection of parasite antigen,
immunofluorescence assays and ELISA are commercially available. An in-house ELISA
available for use in dogs and cats is a useful tool for clinical diagnosis, particularly when coupled
with a centrifugal flotation examination of feces. It is best to test symptomatic animals with a
combination of a direct saline smear of feces, fecal flotation with centrifugation, and a sensitive,
specific ELISA optimized for use in the animal being tested (eg, ELISA for dogs and cats).”20
ELISA is a form of IDEXX SNAP test that detects the cyst wall proteins with a high sensitivity
and specificity percentage.23 One other test is called the Enterotest®. The Enterotest® is a test
for humans and is made of a gelatin capsule containing a nylon string of a suitable length. The
free end of the string is taped to the host's face and then the capsule is swallowed. After about
four hours to overnight the string is recovered and the bile-stained mucus on the distal portion of
the string is scraped off and examined by both a wet mount and permanent staining.24
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Figure 8: ELISA Giardia testing kit.

Figure 9: The Enterotest® test.
After diagnosis, medications and preventive actions can be taken. In human cases with
hikers or campers, boiling water to 80oC for a few minutes will kill any form of Giardia. Also
filtering the water after it has cooled would remove any leftover Giardia parasites. Water
treatment centers should also filter the water and use UV light to inactivate cyst DNA. Boiling or

Giardia spp., 16
iodine treatment kills Giardia cysts, but standard chlorination does not.25 “Cysts are inactivated
by most quaternary ammonium compounds, steam, and boiling water. To increase the efficacy of
disinfectants, solutions should be left for 5–20 min before being rinsed off contaminated
surfaces.”26 Prescription medicines are available but the drug of choice is not available in the
U.S. Metronidazole (Flagyl®) effectively clears the parasite with cure rates of approximately
85% and is the drug of choice but cannot be used in the U.S. “The recommended dosage is 750
mg three times per day for five days (or at least >3 days). For children 15 mg/kg/d in three doses
is recommended.” Other effective drugs include: furazolidone (Furoxone®), tinidazole
(Fasigyn®), quinacrine (Atabrine®), and paromomycin (Humatin®). Tinidazole is effective as a
single two-gram dose and paromomycin is not absorbed and also might be useful during
pregnancy.25 Of all the drugs listed, none are approved for dogs or cats.
In summary, Giardia is one of the most common parasites in the world and can affect
humans and a wide variety of animals. From first being discovered centuries ago to modern day,
Giardia has not changed much but the naming system has grown. Giardia can spread from human
to human, animals to humans, and animals to animals. Giardia’s basic structure for trophozoites
and cysts allow for easy transmission and their simple life cycle ensures quick replication. The
symptoms of Giardia (i.e. diarrhea) are similar across species and so diagnosis systems are also
similar. Even though the symptoms and diagnosis systems are similar, the medications are vastly
different for each species. Humans have several options while cats and dogs have next to none.
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